
1,784,425‘ Dec. 9, 1930. HS. GEORGE 

' ILLUVMINATION FOR MICROSCOPY 

Filed June 30', 1924 

\\\\ \ \ \ 

\\\\\\\\\\\ \ \ \ 
\ \\\\\ 

\\\~ 

' .INVENTOR: 

' ATTORNEYS.‘ 
I 



.Patented Dec. 9, 1930 

UNITED ‘STATES 

1,784,425 

PATENT - OFFICE 

HARRY S. GEORGE, OF MASSAPEQUA, NEW YORK, ASSIGNOR T0 ELECTED METALLUR 
' GICAL COMPANY, A CORPORATION OEWEST VIRGINIA 

innumma'rron non, mxcnoscorx 
' Application ?led June 30, 

. The invention relates to the illumination 
of objects for the purpose of microscopic 
examination including photomicrography, 
and comprises improvements in processes 

5 and apparatus for the microscopic exami 
nation of opaque objects‘by reflected light. 
An important ?eld of application ‘ of the 
invention is in metallography. 
There are two kinds of illumination now 

10 employed in such Work and these are gener 
ally designated as re?ected oblique illumi 
nation and re?ected vertical illumination. 

- .In the former method the light which falls 
on the object comes from a source at one side 

15 of the objective of the microscope and does 
not pass through the objective until after it 
strikes the object. While this method is not 
lacking in" utility, the illuminating rays nec 
essarily strike the surface to be examlned at 

20 an angle so acute that all details of the sur 
face are not revealed, and an unnatural 'ap» 
pearance which can 'be interpreted only by 
those who have had long experience with the 
method is imparted to the object. Further 

v25 ‘more, the ‘method is not applicable where to 
secure high magni?cation it is necessary that 
the objective be very. close to the object. 
For examinations at high ‘magni?cation, 

vertical illumination istherefore universally 
3° employed. This method likewise has a seri 

ous defect‘. Whereas'with oblique illumina 
tion the shadows of elevations on the surface, 
maybe so elongated that details of the sur 

> face beyond the elevations are not revealed, 
35 with vertical illumination there are no 

> shadows because of the great intensity 
of the light which .‘passes to the object in 
lines normal to its surface. The insu?iciency 
of vertical illumination to reveal to the best 

‘0 advantage ‘all details of the surface will be 
apparentwhen it is considered that b this 
method it is impossible ositively to istin 
guish an‘ area in the p ane of the surface 
under examination and bounded by a ‘?ne 

’ j "45 line, from a depression having a ?at bottom 
and ‘more or less vertical walls, or from a 
‘plateau bounded by vertical surfaces. 

. In the method‘pf'my invention, light 
passes through the’ objective to the object 

50 and is re?ected therefrom through the ob-' 

' prising 
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jective and eventually to the eye of' the ob 
server, all as in the usual method of verti-p» 
cal illumination. The distinguishing feature 
of my invention consists in eliminating from 
the light falling on the object rays which 
travel parallel or approximately parallel to 
the axis of the objective and hence normal 
to the surface under examinatiornso that the 
light from this direction is rendered less in 
tense thanv light which falls on the object in 
an oblique direction. This oblique light is, 
however, much more nearly normal to the 
surface under examination than in the meth 
od of oblique illumination as now practised. 
As. already stated, the method of my inven 
tion may be employed with high magni?cai 
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tion where the present method of oblique . 
illumination cannot be used. 
The invention .is illustrated in the an 

nexed drawing, in which \ , ' 

‘ Fig. 1 shows the light, paths through a 
metallographic microscope when an object is 4 
examined by vertical illumination in accord 
ance with my invention. ' 

Fig. 2' is an arrangement of apparatus 
whereby opaque discs of varioussijzes, can 
be introduced in turn into‘ the lightrpaths 
of the system, and placed in various positions 
with respect to the axis of the optical sys 
tem. . Y . ‘ . 

In the'usual system of so-called vertical 
illumination, the light‘ which falls on the 

‘object, includes oblique as well as vertical 
rays. . The eclipse of the‘ oblique rays by 
irregularities on the surface produces no 
shadows because the vertical rays reach all 
arts of the ?eld ‘and are su?iciently intense 

to illuminate it. throughout. Therefore the 
elevations or‘de ressions of the object do not 
appear in relie , but seem to lie in the plane 
of the surface. ' . ' 
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In Fig. 1 is shown an optical system com- \. 
a source of light A, condensers B 

and B , a partial re?ector G, objective E, E’, 
re?ector F, eye piece G, G’nnd a diaphra 
I, preferably of the iris type. The material 

as 

to be examined ‘is ‘laced at H and an opaque n 
disc D is so place that it steps ‘out the ver 
tical rays and also those which are‘ nearly 
vertical. Oblique rays from one dlrection 
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are also removed.‘ If the disc is circular and 
is placed as shown in Figs. 1 and 2, the beam 
of light beyond the disc will be crescent 
shaped in cross-section, and the 0 tical axis 
of~ the system will not intersect this crescent 
except at focal points. Since little or no 
light will fall vertically upon the object, a 
shadow will appear beside each elevation and 
on the side or bottom of each depression, 
rounded surfaces will be shaded, and the de 
tails of the object will appear in relief. The 
difference in appearance of an object when 
vertically illuminated and when illuminated 
in accordance with my invention is gener 
ally similar to the difference in the appear 
ance of the ground to an aeronautical ob 
server at noon, when no shadows are visible, 
and in the morning or afternoon. ' 
In order that details of the surface may 

be revealed to the fullest extent possible, it 
is often desirable that the object be exam 
ined with the light coming from various di 
rections in turn, and with varying total il 
lumination, and various relations of oblique 
to vertical light. This can be accomplished 
by changing the position of the opaque disc 
with respect to the optical axis of the sys 
tem, along which the vertical rays travel, 
and by using discs of different sizes. Vari 
ous mechanical devices will permit these 
changes to be made readily, and in Fig. 2 I 
have shown a simple .device for this pur 
pose. Inthis device a skeleton wheel W is 
journaled in one end of an arm K, capable 
of revolving about a ?xed stud S. The fric 
tion between stud S and the opening provid 
ed for it in arm K is ‘sufficient to maintain arm 
K in any adjusted position. The wheel W 
carries opaque discs D1,‘D2, D“, D", D5 and 
D", which are of various sizes and supported 

This wheel is 
' placed before the iris diaphragm I in such 
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a way that the discs can be successively 
“brought into the light‘beamf By rotating. 
wheel W a disc is-moved across the iris 1n 
one direction, and by revolving arm A about _ . 
stud S the disc can be moved across the iris 
in a substantially "erpendiculzér direction, 
sothat the disc can e placed in any desired 
positionwith respect to the iris. _ 
A single view of a surface illuminated in' 

accordance with my invention gives much 
more information as to its nature than can‘ 
be obtained with present methods of illu 
mination, and by viewin the surface again ' 
with illumination of ‘di erent intensity~ or. 
from a different direction, further‘ informa 
tion ‘can usually be obtained. Under some 
circumstances, it is also useful to view the 
surface with onl the vertical rays stopped 
out, and with o lique light falling on the 

I surface from all directions. To secure this 
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effect the opaque disc ‘is placed centrally with . 
respect‘t'o the iris. 

It‘will be apparent-that the great variety 
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of microscopes of the kind described pre 
cludes the giving of speci?c directions for 
the proper adjustment of all of them for 
use in connection with my invention. Even 
with a single type of microscope variations 
in focal length of the individual condensers 
will affect the necessary adjustments, and 
it is therefore manifestly impracticable to 
describe the adjustments speci?cally.- The 
device shown in Fig. 2, while satisfactory 
for certain types of microscopes, will need 
to be modi?ed for‘ others, but the principle 
of the invention is applicable to all types 
where the object is illuminated through the 
objective itself. 
The optical arrangements should be such 

that when only a fringe or small portion of 
the outer rays in the light beam are allowed 
to pass, the object will still be illuminated 
evenly. \Vhen the apparatus is improperly 
adjusted, a dark spot or shadow is cast over 
the ?eld. By optical adjustments is meant 
the relative positions of the various condens 

at" 

ers in the system, the point along the light ' 
beam at which the axial rays are eliminated, 
the extent to which the axial rays are elimi- ' 
nated, the adjustment of iris diaphragms, 
and the like. The adjustments of condens 
ers, iris diaphragms, etc. in a microscope ar 
ranged for practising my invention, may or 
may not coincide with the proper adjust 
ments when the instrument is used in the 
usual way. ' 
The inventlon is applicable to all types and 

powers of objectives, but its advantages are Y‘ 
emphasized whenobjectives ofhigh numeri 
cal aperture are used. When ordinar ver 
tical illumination used the obliquit of 
the outer rays of the cone between the 0 j ec- . 
tive and the object increases with the numeri 
cal aperture of the objective. These highly 
obliq?e rays are very suitable for illuminat 
in t e object when the axial rays have been 
su 'ciently reduced in, intensity in accord 
ance with my invention. 7 - ‘ 

skilled in the art, microscopes of the kind 
under consideration include a means for turn- ' 
ing the beam of light from the illuminant 
into such a direction that it will pass-through 
the objective. For example, a prism, a sil 
vered half-mirror or a plain glass disc may 
be used for this pur- ose. The plainglass disc 
re?ector is especia y adapted for use in con 

As will be readily understood by'those in 

nection with my invention, and is preferred. . 
An arc is' preferred'as' the light source since it 
mostt nearly approximates a point source of , 
l1ght.-' 
Between various typesjof optical‘ trains_,_I 

prefer to use one utihzingan adjustable m- - 
dependently mounted supplementary .con~ 
denser, situated ‘between the'illuminant con-_ 
denser and the so-called vertical condenser. 
This .admits of placing the apparatus ofmy 
invention in the‘pteferred position, namely, ' 
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between the illuminator condenser and the 
usual ray-?lter. In this position, control of 
the size and shape of the light beam is facili 
tated by noting its con?guration on the 
light ?lter. 

In addition to the advantages already re 
ferred to, the following maybe noted: An 
increase in optical resolution is attained on 
account of the fact that the extreme periph~ ' 

\ eral rays are used,—that is, the full numeri 
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cal aperture of the objective lens is utilized. 
In the methods employed heretofore, it is cus 
tomary to stop down the value of the numeri 
cal aperture by iris diaphragms for optical 
considerations, whereas in my invention 
there is no necessity for this and the full aper 
ture is retained. For similar reasons, when 
the invention is used in connection with pho 
tomicrography, the time of exposure may be 
considerably reduced over the exposure which 
is necessary in methods now employed. 

I have illustrated the use of an' opaque 
disc of circular contour-‘to stop out the axial 
light rays, but stops of other con?guration 
may be used. The beam of light used for 
illumination may be for example a segment 
of a circle instead of a crescent, the boundary 
of the stop being a straight line instead of a 
curve. An approximately circular stop is‘ 
preferred, however, since light from the cusps 
of the crescent may be made to serve the same 
purpose as diffused light in ordinary illumi 
nation, preventing a too contrasty appear 
ance of the object. A circular stop also has 
the advantage that by revolving it around the 
periphery of the iris, the direction of illumi 
nation can more readily be changed without 
changing the total illumination or the cross 
section of they illuminating beam. Oblique 
light which is not too nearly unidirectional 
can also be obtained by having the portion of 
the stop which projects before the iris bound 
ed by a curve other than a circle, or angular. 
Although a. speci?c and preferred form of 

apparatus is described for accomplishing the 
elimination or reduction of intensity of the 
axial rays relative to the oblique rays, and 
of making the light from any direction pre 
dominate, yet it is not desired to limit the 
invention to a particular form of apparatus 
inasmuch as the broad invention resides in a 
method of and means for suppressing the 
deleterious e?ect of axial rays on the image. 

I claim :- > 

1. Method of illuminating opaque objects 
for microscopic examination which comprises 
causing a beam of light to pass through the 
objective of the microscope in such manner 
that the light rays will be caused to converge 
on the object. and stopping out of the beam 
light rays which would otherwise fall ver 
tically on the object. 

2. Method according to claim 1 in which a 
portion of the light rays which would other 

O 

wise fall obliquely on the object are also 
stopped out. ' 

3. Method 
having slight relief microscopically which 
comprises viewing the object with a beam of 
light converging thereon from the objective 
of the microscope, the rays from one oblique 
direction being of greater intensity than the 
vertical rays whereby shadows are formed on 
said object, then causing rays from another 
oblique direction to assume the greatest in 
tensity whereby different shadows are formed 
on said object and again viewing the object. 

4. Apparatus for examining opaque ob 
jects microscopically which comprises a mi 
croscope, a light source, means to cause a 
beam of light from the source to pass 
through the objective of the microscope and 
converge therefrom on the object, and a stop 
between said light source and said objective 
for removing from the light beam rays which 
would otherwise fall on the object, while 
permitting other rays to pass and fall on the 
object, said stop being adjustable in at least 
two dimensions of space. ’ 

5. Apparatus for examining opaque objects 
microscopically which comprises a micro 
scope, a light source, means to'cause a beam 
of light from the source to pass through the 
objective of the microscope and converge 
therefrom on the object, and a stop between 
said light source and said objective for re 
moving from the light beams rays which 
would otherwise fall vertically on the ob 
ject and for removing a portion of the rays 
which would otherwise fall obliquely on the 
object while permitting other rays to pass 
and fall obliquely on the object. 

6. Apparatus for examining opaque ob 
jects microscopically which comprises a mi 
croscope,a light source,means to cause a beam 
of light from the source to fall on the objec 
tive of the microscope and converge there 
from on the object, a stop between said light 
source and said objective for removing from 
the light beam rays which would otherwise 
fall vertically on the object and for remov 
ing a portion of the rays which would other 
wise fall obliquely on the object while per3 , 
mitting other rays to pass and fall obliquely 
on the object, and means for adjusting said 
stop to change the direction from which light 
falls obliquely on the object. 

7. Apparatus for examining opaque ob 
jects microscopically which comprises a mi 
croscope. a light source, ‘means to cause a 
beam of light from the source to pass through 
the objective of the microscope and converge 

3 , 

of examining opaque objects‘ 
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therefrom on the object, said means compris- _ 
ing a disk illuminator, and a stop positioned 
between said disk and the light source and 
adapted to remove from the light beam rays 
which would otherwise fall vertically on the 
object and to remove a portion of the rays 
which would otherwise fall obliquely on the 
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object while permitting other rays to pass 
and fall obliquely on the object. 

8. In a microscope for examining opaque 
objects including an objective and a stage, 
means for passing a converging conical beam 
of light through said objective onto an object 
on said stage including means for modifying 
said beam of light so that the axial rays are 
of less intensity than the oblique rays. 

9. A microscope for examining opaque ob 
jects comprising an objective, a stage, means 
for passing a converging conical beam of 
light through said objective onto an object 
on said stage including means for so modi 
fying the beam of light that the axial rays 
are insu?icient in intensity to prevent shad 
ows from being cast by elevations on the ob 
ject. 

10. Method of illuminating opaque ob 
jects for microscopic examination which 
comprises passing to the object and through 
the objective of the microscope a convergent 
beam of light of crescent shaped cross sec 
tion. 

11. Method of examining opaque objects 
microscopically which comprises viewing the 
object with a beam of crescent shaped cross 
section converging therefrom from the ob 
jective of a microscope, rotating the beam 
of light about the center of the objective 
and again viewing the object. ‘ 

12. Apparatus for examining opaque ob 
jects microscopically which comprises a mi 
croscope, a light source, means to cause a 
beam of light from the source to pass through 
the objective of the microscope and converge 
on the object, and means between the light 
source and the objective to give the beam of 
light a crescent shaped cross section. 

13. Method of illuminating opaque ob~ 
jects for microscopic examination which 
comprises passing to the. object and through 
theobjective a convergent beam of light in 
which the axial rays are of less intensity 
than the oblique rays and in which the ob— > 
llque rays from one direction preponderate ' 
for the purpose of securing a relief effect, said 
beam also including oblique rays spaced at 
least 90° from the point of greatest intensity. 

14. Method of examining opaque objects 
microscopically which comprises the step of 
viewing the object with a converging beam 
of light passing through the objective and 
having the axial rays of less intensity than 
the oblique rays, the oblique rays from one 
direction preponderating, said beam includ 
ing same oblique rays spaced more, than 90° 
from the point of greatest intensity, then 
causing the oblique rays from another direc 
tion to assume the greatest intensity and 
again viewing the object. 

15. A microscope for examining opaque 
objects comprising an objective, a stage, 
means for passing a beam of light through 
said objective onto an opaque object on said - 
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stage in such a manner that the rays will 
converge on said object, and means for modi 
fying said beam of light comprising a dia 
phragm and a stop, said stop extending be 
yond the center of the light beam passed by 
said diaphragm but obstructing substan 
tially less than 180° of the circumference 
thereof. 

16. Method of illuminating opaque objects 
for microscopic study which comprises caus 
ing a beam of light to pass through the ob 
jective of the microscope in such a manner 
that the light rays will be caused to converge 
on the object, and eliminating from the beam 
those light rays which would otherwise fall 
vertically on the object. 
In testimony whereof, I a?ix my signature. 

HARRY S. GEORGE. 
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